Introduction
Transport phenomena in liquid metals and alloys are of ever increasing interest: Many technological processes and corrosion phenomena depend directly on transport quantities and, on the other hand, transport data contribute to our knowledge of the liquid state.
The starting point for any theoretical description of transport phenomena in liquids is the solid state theory or the kinetic theory of gases. Nachtrieb [1] presented several models of diffusion in liquid metals, of which the hole-, the free volume-, the fluctuation-, and the itinerant oscillator theories are derived from the solid state theory, whereas the dense gas formulation, the corresponding states correlation and the molecular dynamic calculations have their origin in the kinetic theory of gases. When self-diffusion coefficients are calculated, theories of both sorts give good agreement with experimental results. For the treatment of chemical diffusion, however, only a few models are suitable, of which the dense gas formulations offer good possibilities for adaption to mixtures, and especially to alloys.
The modified hard sphere theory, originally developed by Dymond and Alder [2] on the basis of the ENSKOG-theory, and successfully applied to the calculation of self-diffusion coefficients of liquid metals, can be used, with a minimum of 
Hard Sphere Theory of Self Diffusion in

Liquid Metals
Basic Concepts of the Theory
A HS fluid is completely described by its particle mass and diameter and the intensive parameters, temperature and density. Diffusion in such a fluid is described exactly by the ENSKOG-theory [3] . The applicability of the model of a HS fluid to real liquids depends on two basic postulates: a) the particles of the liquid must be nearly spherical, b) attractive forces between the particles must be negligible.
The calculation of self-DCs is possible by the ENSKOG-theory using some corrections, obtained from molecular dynamics calculations [4] . According to the approximation of ENSKOG
D g is the self-DC of a dilute HS gas and y a correction, which decreases the DC because of the greater particle density of a HS fluid. % equals the pair correlation function g(r) at r = a (a: HS diameter), which for HSs is a simple function of the compressibility factor Z
In order to allow for variable packing fractions rj (ratio of the particle volume to the total volume of the liquid) a correction factor C(rj) has been calculated by computer simulation (see below)
In the final expression
M is the molar mass of the particles and I = a/2 the HS radius. The application of (4) (9) With the aid of (9), (7) and (5) it is possible to calculate the temperature dependent self-DC. Good agreement with experimental results was obtained using the correction factor [5, 7] C( V ) = 0.73 rjmlrj.
Theory of Protopapas, Andersen and Parlee [6]
Although the application of (4) yields quite good numerical results, the authors of [6] especially criticized the use of the van der Waals concept. On the basis of a soft sphere potential curve they deduced an expression for the T-dependent HS diameter without reference to the van der Waals equation:
(ao-distance of HS in the potential minimum, B -0.112: empirical constant for all liquid metals). a is used to calculate
Qm
(12)
Upon introducing (6) in (4) an analogous formula for the self-DC is obtained: (13) CAW(^) is the Alder-Waimvright correction factor [9] , whose dependence on rj is plotted in [6] . (13) yielded better agreement with the empirical temperature dependence of self-DCs, when compared with the original formula of Ascarelli and Paskin.
Extension of the HS Theory to Binary Liquid Alloys
Darken Equation
It is generally accepted that the relation between the mutual DC D of a binary mixture AB and both 
Present Approach
The theory of Ascarelli and Paskin can, on the basis of the van der Waals concept, be extended to binary liquid alloys. The primary results are component self-DCs and their concentration dependences, which by using (14) yield the mutual DC over the whole concentration range.
The application of the HS theory [5, 7] to binary liquid alloys, which are considered as mixtures of two HS liquids, requires some additional assumptions
Al) The change of the compressibility factor Z x is caused by the concentration dependence of the density q x and the van der Waals constant a x .
A2) The HS radii, l A and do not change on alloy formation and are independent of the concentration.
A3) The mixture is regarded as thermodynamically ideal, /*=1, i.e. special particle interactions (clusters, associates, etc.) are not considered.
Concerning A3 it is to be expected that the calculated DCs will deviate from empirical results of non-ideal alloy systems to an extent which is determined by the degree of non-ideality. According to Al Z x follows from (8):
with
The concentration dependence of a x can be expressed by [15] 
where the coefficient in the mixed term is given by the Berthelot relation (Fig. 2, Fig. 3, Fig. 4 Fig. 2) is excellent in the middle of the concentration region and less satisfactory at the boundaries as a consequence of the behaviour of the self-DCs mentioned above. within about 10% with one another, but the agreement with the experimental data is, in general, only moderately good. In contrast, the results of (24) are on the average substantially better. The same can be said about the T-dependence of ( Figure 5 ). With the exception of (Au, Cu), the curves based on (24) lie nearer to the empirical ones (but still below) than those of the authors [13] calculated with (18) . In all cases the deviations between calculated and measured data increase with temperature ; this is also to be seen in Table 2 The failure of (24) is not, in the case of Hg alloys, surprising. Because, as was stated earlier, the HS theory postulates rigid spherical particles with negligible attractive forces. These assumptions are not justified in the case of Hg and Ga [25] . Groups of atoms, either pairs or chains, are thought to be in dynamic equilibrium with atoms in their neighbourhood [26] . Thus, the special structure of Hg * The data of [22] (Li, Pb) and (Li, Ag) alloys (Fig. 7) It is obvious from thermodynamic measurements [27, 28] , that there are extreme deviations from ideality in the (Li, Pb) system and less strong deviations in the (Li, Ag) system. These deviations are paralleled by structural anomalies [29] . One can therefore expect the diffusion in the two systems to show different degrees of divergence from HS dif- , which is three times the calculated one. At higher concentrations, however, where Li + alone is not the only species responsible for transport, the compound formation may impede the diffusion, thus causing the experimental and theoretical curves to intersect and leading to a growing divergence of both curves.
The System (Sn, Zn)
"Impurity" Diffusion in Liquid Cu
Mutual Diffusion in Liquid
Conclusion
For liquid alloys, in which no strong bonding occurs, the HS theory in the present elaboration permits the calculation of DCs and their temperature dependence in good agreement with experiment over the whole concentration range. The melting temperature of the components, their melting point density and the density of the alloys, are the only specific parameters of the alloy system which are needed. The use of the thermodynamic factor in the calculation of mutual DCs is not a part of the HS theory but the result of the conventional solution of the diffusion laws. Since the model even holds at moderate deviations from thermodynamic ideality, i.e. the system remains "ideal" in the sense of (24), it can be concluded that the thermodynamic mixing parameters, e.g. the activity coefficients, the thermodynamic factor, etc., are more sensitive to deviations from statistical particle distributions and specific interactions than diffusion data. From a theoretical stand point the success of the model proves that to a good approximation the special features of metals and alloys, e.g. the electronic structure, the geometrical order, the vibrational frequencies, etc., are included in the macroscopic parameters 
